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Description 

[0001 ] The present invention relates to the production of recombinant glycoproteins, in particular recombinant human 
erythropoietin, in mammalian cells, as well as methods of purifying the produced glycoproteins from the cell culture. 
5 [0002] With few exceptions, the secreted and membrane-associated proteins of all eucaryotic cells are glycosylated. 
It is well known that the carbohydrate moieties of such glycoproteins are important for exerting their biological activities 
and functions, such as secretion, biological half-life, antigenicity and stability. The majority of the current and potential 
recombinant therapeutics for human applications are glycoproteins. Modification of the glycomoiety of a recombinant 
human protein may lead to a product with improved pharmacokinetic and pharmacodynamic features, such as in- 
fo creased half-life in the circulation, targeting to the site of action (increased bioactivity and specificity) as well as in- 
creased stability in vivo and in vitro, decreased heterogeneity and decreased antigenicity/immunogenicity. Structure- 
function relationships for the glycomoieties have been shown for a number of therapeutic recombinant human glyco- 
proteins, such as erythropoietin, Factor VIII and p-glucocerebrosidase. 

[0003] In general, no specific biological function is found to be associated with a single, defined carbohydrate struc- 

15 ture. Rather, structure-function relationships must be searched for in the context of analytical glycosylation patterns 
and relative abundance of carbohydrate chains. These in turn are characterized by physico-chemical properties such 
as number and type of branching structure (antennarity), repeat structures and sialic acid content. As a result of ex- 
tensive structure-function evaluations of a few model proteins, few rules have emerged to classify the quality of a 
recombinant glycoprotein based on features of its glycomoiety. 

20 [0004] Erythropoietin is a well-studied glycoprotein hormone involved in the maturation of erythroid progenitor cells 
into erythrocytes. It is essential in regulating levels of red blood cells in circulation. Naturally occurring erythropoietin 
is produced by the liver during fetal life and by the kidney of adults and circulates in the blood and stimulates the 
production of red blood cells in bone marrow. Anemia is almost invariably a consequence of a renal failure due to 
decreased production of erythropoietin from the kidney. 

25 [0005] Recombinant erythropoietin produced by genetic engineering techniques involving the transfer and expres- 
sion of a gene encoding erythropoietin in a mammalian host cell has been found to be effective when used in the 
treatment of anemia resulting from chronic renal failure. Erythropoietin is a glycoprotein with a molecular weight ranging 
from 34 to 38 kDa of which approximately 40 to 50% account for carbohydrate moieties. The bulk of the carbohydrate 
chains are N-linked to 3 asparagines and minor carbohydrates are O-linked to a serine. Complex type glycosylation 

30 with high antennary glycostructures can be found with erythropoietin and the terminal galactose is highly sialylated. 
The glycosylation or sialylation does not seem to be a prerequisite for receptor binding and activity of erythropoietin 
in vitro, however deglycosylated or desialylated erythropoietin exerts a short half-life in vivo. Thus, features of eryth- 
ropoietin glycosylation and sialylation are required for enhancement of in vivo half-life and also influence the route of 
clearance and the organ targeting of the molecule. 

35 [0006] The provision of suitable glycostructures attached to the erythropoietin protein must be the focus of develop- 
ment efforts for obtaining a therapeutically feasible erythropoietin preparation. Besides half-life, clearance route and 
organ targeting, physico-chemical studies have shown that glycosylation also increases stability of erythropoietin 
against chemical and biological degradation. The glycosylation and sialylation of both natural erythropoietin (urinary 
erythropoietin) and recombinant erythropoietin has been extensively studied at the descriptive analytical level, however 

40 only little data are available to correlate analytical data with therapeutic outcome. From available data it seems that 
the following features seem to be desirable in order to obtain a good product that is therapeutically effective. 
[0007] First, the quality of the erythropoietin product seems to be influenced by the kind and degree of sialylation of 
terminal galactose. Imai et al. (1990, Eur. J. Biochem. 194:457-462) showed that erythropoietin isoforms with high 
sialic acid content exerted higher specific activity than those with lower sialic acid content. Rush et al. (1995, Anal. 

45 Chem. 67:1442-1452) described O-acetylation of sialic acid residues of erythropoietin and their effect on increasing 
circulation time. Clearance studies performed by Fukuda et al. (1 989, Blood 73:84-89) in rats showed that erythropoietin 
derived from Chinese Hamster Ovary (CHO) cells was cleared from the blood with a half-life of approximately 2 hours, 
following a bi-phasic clearance mechanism. Asialo erythropoietin was cleared within ten minutes, suggesting a galac- 
tose-binding mechanism of hepatic cells being responsible for clearance of asialo erythropoietin. Spivak and Hogans 

50 (1989, Blood 73:90-99) showed that with commercial erythropoietin, plasma clearance of erythropoietin was multiex- 
ponential with an initial rapid distribution phase (T 1/2 =53 min.) and a slower elimination phase (T 1/2 =180 min.). Organ 
accumulation in kidneys, bone marrow and spleen started 30 min. after injection of commercial erythropoietin. Asialo 
erythropoietin was cleared rapidly via the hepatic route. 

[0008] Therefore, published evidence on the sialylation of erythropoietin revealed three main effects on sialylation 
55 of erythropoietin on in vivo activity: 

Clearance of erythropoietin in the circulation decreases when erythropoietin is sialylated. The extent of sialylation 
depends on the extent of antennary structures present that provide the substrate for sialylation of terminal galac- 
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toses. 

Erythropoietin isoforms with the highest number of sialic acids seem to exert the highest specific activity. 
Asialo erythropoietin is rapidly cleared via the hepatic route, low sialylated erythropoietin (biantennary structures ) 
are targeted to kidneys and spleen. Sialylated higher antennary structures (triantennary and tetraantennary) are 
5 mainly targeted to bone marrow cells. 

A high degree of O-acetylation of sialic acid residues increases circulation time by reducing hepatic clearance. 

[0009] It is therefore desirable to use conditions during mammalian cell culture that consistently allow maximal sia- 
lylation of the majority of N-linked carbohydrate structures. Conditions for maximal sialylation would be a considerable 
10 advantage for the manufacture of glycoprotein therapeutics. Given the beneficial effects of highly sialylated glycopro- 
teins, in particular erythropoietin, it is an object of the present invention to provide methods of increasing the sialylation 
level of glycoproteins, in particular of erythropoietin, by modification of cell culture conditions during production of 
glycoproteins. 

[0010] Surprisingly, it has been found that the degree of sialylation of glycoproteins, in particular of erythropoietin, 
15 can be optimised by culturing the glycoprotein-producing mammalian cells at pH that supports the production of highly 
sialylated proteins. 

[001 1 ] Traditionally, the pH of a culture medium is manipulated with the goal of achieving maximum cell growth and/ 
or production. Media for cell culture are typically prepared with pH adjusted to 7,4, similar to the pH of human blood. 
The optimum pH is however cell line dependent and can vary from pH 6,9-7,6 (reviewed in Eagle (1 973) J. Cell Physiol. 
20 82:1-89). 

[0012] Thus, the effect of pH on cell growth and/or production, and not its effect on the nature of a cell product has 
been the determining factor in selecting pH values in traditional cell culture. For example, the prior art has disclosed 
varying the pH, glucose, and lactate production in the growth and production phases of the cell culturing process in 
order to optimise growth and production, respectively (see for example WO 88/01 643, which reference does not address 
25 the nature of the cell products produced). US patent 5,096,816 discloses the effect of ammonia on the glycosylation 
of cell products through pH control. The preferred method describes a multi-pH strategy for optimum cell growth at 
higher pH and then the use of low pH to minimize the inhibition of terminal sialylation of cell products by high levels of 
ammonia. 

[0013] Surprisingly, we have now found an opposite effect than described in US patent 5,096,81 6. Production of the 
30 desired cell product containing a maximum degree of sialylation is best in the higher pH range. 

[0014] As shown in Figure 1 , cell culture employing pH control between pH 7.2 - 7.5 results in product formation with 
a higher degree of sialylation. Figures 1 A and 1 B show results from product isoform distribution profiles of recombinant 
human erythropoietin obtained after cultivation under different pH-controlled conditions. The product produced under 
the different pH culture conditions was isolated by a 2-step purification procedure (product capture with a Q-Sepharose 
35 XL (Amersham Lifesciences, Germany) and salt step elution followed by a Hydrophobic Interaction Chromatography 
(HIC) step with Butyl Sepharose FF(Amersham Lifesciences, Germany) and analysed by capillary electrophoresis 
(CE). CE separates erythropoietin isoforms by charge and is therefore a suitable analytical tool for assessing the 
sialylation status of a cell product. 

[0015] As can be seen in Figure 1 A, there is a shift of the isoform distribution towards the higher charged isoforms 

40 (higher peak numbers) at culture conditions employing a pH of 7.2-7.5. A purified preparation of a highly glycosylated 
and sialylated reference preparation, the European Pharmacopoeia (Ph. Eur. (2002) 4 th edition) erythropoietin BRP 
Standard was included in the analysis, for comparison. In particular, the highest forms of sialylated erythropoietin 
product, represented by the isoforms in peak 7 and 8 are present in a significantly lower proportion in products derived 
from the cell culture at pH 6.9. Thus, cell culture employing a pH control of between pH 7.2-7.5 results in product 

45 formation with a higher degree of sialylation of products. Preferred is the pH 7.2, which yielded a good product yield 
and a high degree of sialylation. Even though the overall cell density at this pH is lower than e.g. for pH 6.9, the quality 
of the glycoprotein (in this case erythropoietin) with respect to the sialyl-content is better at a pH between 7.2 and 7.5. 
[0016] Moreover, the surprising finding that cell cultivation at comparably high pH values such as pH 7.2 to 7.5 leads 
to erythropoietin with a higher content of glycosyl- and sialyl-groups even though cell mass is reduced can be extended 

50 to the production of other glycoproteins such as t-PA, Factor XIII, Factor VIII, Interferon-p, IL-2. 

[0017] The optimal pH value may be cell type and cell line specific and can be determined by experiments as set 
out in Figure 2. In the case of CHO cells it will be pH 7.2 as exemplified by the EPO producing CHO cells. 
[0018] The term "isoform", as used herein, refers to a glycoprotein preparation/fraction that contains glycoproteins 
which have identical or very similar amino acid sequence and a common isoelectric point but which may differ in respect 

55 to the extent, to the complexity, to the nature, to the antennarity and to the order of attached gylcosyl- and sialyl-groups. 
Isoforms according to the invention may also comprise multiple glycoprotein forms of the same or very similar amino 
acid sequence and isoelectric point which differ additionally in other charge carrying modifications such as acetylation 
and sulfatation. The term "very similar amino acid sequence" indicates that the amino acid sequence of a protein also 
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comprises those sequences that are functionally equivalent to the wild type amino acid sequence. 

[0019] Thus, glycoprotein isoforms according to the invention are defined by their isoelectric point and amino acid 

sequence and each isoform may therefore actually comprise multiple isoforms in the strict chemical sense. 

[0020] The present invention also relates to a method for the purification of highly glycosylated and particularly sia- 

5 lylated glycoproteins, in particular recombinant human erythropoietin, from cell culture. 

[0021] Recombinant human erythropoietin, when analysed from cell culture supernatant by isoelectric focussing 
(IEF), shows a broad isoelectric point (pi) isoform profile with more than 14 different isoforms over a range of pH 3-9 
(Gokana et al. (1 997) J. Chromatogr., 791 (1 -2): 1 09-1 8). The erythropoietin isoforms arise mainly due to their variant 
glycosyl content with variant numbers of negatively charged terminal sialic acid residues. Erythropoietin forms with 

10 more sialic acid residues and thus a more acidic pi profile are thought to be of higher therapeutic value because terminal 
sialic acid residues on glycostructures prevent the fast clearance in vivo via the asialo-receptor route. 
[0022] It is therefore an object of the invention to develop a downstream purification process (DSP) wherein in general 
acidic isoforms of glycoproteins, in particular acidic isoforms of erythropoietin, are enriched. 

[0023] According to the invention "acidic isoforms" of glycoproteins and particularly of erythropoietin comprise those 
15 isoforms that have a high degree or content of glycosyl-, and preferably of sialyl-groups. 

[0024] A higher degree of sialylation of a glycoprotein can be generally achieved if an increasing number of sugar 
chains is terminated by sialyl-groups. Thus, if the overall glycosyl-content of a glycoprotein is increased, a higher 
degree of sialylation can be achieved as there may be more sugar chains available for sialylation. 
[0025] According to the invention, glycoproteins such as erythropoietin have a high degree or content of glycosyl- 
20 and preferably-sialyl groups if they show an isoform pattern comparable to the respective standards of the Eur. Ph. 
such as the Eur. Ph. BRP erythropoietin standard as determined by IEF. 

[0026] According to the invention the term "complex protein mixture" refers to a mixture comprising a multitude of 
different proteins and isoforms thereof such as e.g. cellular extracts. 

[0027] Protein products are generally isolated from biological culture fluids employing a sequence of purification 
25 steps. Each purification step contains one or several wash steps. Washing conditions generally do not provide for high 
selectivity for quantitative separation of related impurities (e.g. protein isoform impurities) from the desired product 
molecules. Purification methods with higher selectivity, such as chromatofocussing employ pH-gradients using am- 
pholytes, however they are generally not suitable for large-scale manufacturing due to their high costs and limited 
scaleability. Single salt wash steps provide a limited selectivity for the enrichment of the desired molecules. Harsh 
30 wash steps will provide an enrichment for the desired molecules, however at the cost of an overall loss of yield. 

[0028] It has now surprisingly been found that glycoprotein isoforms with a low or acidic isoelectric point, i. e. with 
high content of sialyl-moieties, can be selectively enriched by a DSP process if anion exchange chromatography is 
combined with at least one acidic wash step during the purification procedure. 

[0029] Thus, according to the present invention, one way to overcome the limited selectivity of salt wash steps is to 
35 use at least one acidic wash step, thereby providing for a higher overall selectivity of the purification procedure. 

[0030] The purification process according to the invention preferably employs multiple anion chromatography steps 
with at least one acidic wash step in the DSP process, yielding a high selectivity towards the selection of acidic protein 
isoforms from a pool of protein isoforms. 

[0031] In another preferred embodiment of the invention the anion chromatography capture step is followed by an 
40 acidic wash step and other chromatography steps of different principle such as HIC or affinity chromatography. This 
may allow decreasing impurities and proteins that co-purify with the anion chromatography capture step. The person 
skilled in the art understands that the sequence and the nature of the chromatography steps after the anion chroma- 
tography capture step depend on the glycoprotein to be purified and can be easily determined by the person skilled in 
the art. 

45 [0032] In an even more preferred embodiment of the invention, an anion chromatography capture step and an optional 
acidic wash step are followed by chromatography steps of different principle. In a last step, another anion exchange 
chromatography and a mandatory acidic wash step are then applied to selectively enrich the preparation for glycopro- 
teins with high glycosyl- and sialyl-content. 

[0033] Accordingly, the DSP process of the invention for the purification of glycoproteins, in particular of recombinant 
50 human erythropoietin isoforms with a high glycosyl- and sialyl-content, from cell culture fluids, comprises the following 
purification procedure: 

a) an anion exchange chromatography step as a capture step and an acidic wash step. 

55 [0034] Preferably the process for the purification of glycoproteins, in particular of recombinant human erythropoietin 
isoforms with a high sialyl-content, from cell culture fluids comprises the following steps: 

a) a first anion exchange chromatography step as a capture step and an acidic wash step, 
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b) chromatography steps based on a principle other than anion exchange chromatography such as HIC and affinity 
chromatography. 

[0035] Another preferred method for the purification of glycoproteins, in particular of recombinant human erythropoi- 
5 etin isoforms with a high glycosyl- and sialyl-content, from cell culture fluids, comprises the following steps: 

a) a first anion exchange chromatography step as a capture step, 

b) chromatography steps based on a principle other than anion exchange chromatography, such as HIC and affinity 
chromatography purification, 

10 c) a second anion exchange chromatography step, 

wherein at least one acidic wash step is combined with substep a) and/or substep c). 
[0036] An even more preferred process for the purification of glycoproteins, in particular of recombinant human eryth- 
ropoietin isoforms with a high glycosyl- and sialyl-content, from cell culture fluids, comprises the following steps: 

15 

a) a first anion exchange chromatography step as a capture step and an optional acidic wash step, 

b) HIC, 

c) affinity chromatography, 

d) a second anion exchange chromatography step and an acidic wash step. 

20 

[0037] The hydrophobic interaction chromatography of step b) is preferably using a butyl sepharose chromatography 
resin. The affinity chromatography of step c) is preferably using a hydroxyapatite chromatography resin. The order of 
substeps b) and c) may also be reversed. Elution in substeps a) to d) may be performed as step or gradient elution, 
depending on the specific circumstances. 
25 [0038] In the following, the different steps of the DSP process will be described in detail. 

Sample preparation: 

[0039] Cell culture fluids were generally from fermentations, performed at the preferred pH 7.2, yielding highly sia- 
30 lylated glycoprotein, thus qualifying for further acidic pi isoform enrichment by the above-specified sequence. A pre- 
ferred embodiment for cell culture fluid preparation is given in the example section. 

[0040] Generally cell culture fluids or generally complex protein mixtures were concentrated by ultra-filtration and 
dialysed against a buffer that allows for binding of the glycoprotein to the anion exchange resin. 

35 step a) Anion exchange chromatography as capture step 

Resins 

[0041] Anion exchange chromatography as capture step can be performed with all common commercially available 
40 anion exchange resins or membranes. Anion exchange resins may be used in the form of pre-poured columns. Alter- 
natively columns may be self-prepared. 

[0042] There are no specific limitations as to the capacity and the geometry of the columns other than the usual 
ones. The person skilled in the art knows that the amount of anion exchange resin to be used depends on the overall 
protein content of the cell culture fluid applied to the column in the capture step. 
45 [0043] Typical anion exchange resins that can be used for the purpose of the invention comprise functional groups 
such as: 

Diethylaminoethyl (DEAE) moieties, resins include e.g. DEAE-Sepahrose (Amersham Biosciences, Germany), 
Macroprep DEAE support (Bio-Rad, Germany), Fractorgel EMD DEAE (Merck, Germany) and others 
50 . Quaternary aminoethyl (QAE) moieties, resins include e.g. Toyopearl QAE (Toyo Biosep, Germany) and others. 

Quaternary ammonium (Q) moieties, resins include e.g. Q-Sepahrose XL (Amersham Biosciences, Germany), 
Q-Sepharose FF (Amersham Biosciences, Germany), Resource Q (Amersham Biosciences, Germany), Macro 
Prep High Q (Biorad, Germany), Toyopearl Super Q (Toyo Biosep, Germany) 

Dimethylaminoethyl (DMAE) moieties, resins include e.g. Fractogel EMD DMAE (Merck AG, Germany) 
55 . Trimethylaminoethyl (TMAE) moieties, resins include e.g. Fractogel EMD TMAE (Merck AG, Germany) 
Sartobind Membraneadsorber (MA) Q100 (Sartorius, Germany) 
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Temperature 

[0044] The capture can be usually performed between 2°C and ambient temperature. Preferably it is performed at 
2 - 8°C. 

5 

Buffer composition 

[0045] Equilibration, washing and elution buffers may comprise all buffer types usually used for anion exchange 
chromatography (Deutscher (1990) Protein Purification, Academic Press, NY). Thus, buffering agents comprise Na- 

10 Phosphate, Na-Acetate Tris/HCI, HEPES, or other suitable buffering agents. Moreover buffers may contain between 
5 mM and 1 M NaCI, KCI, or other suitable salts, depending on whether the buffer is used for equilibration, washing 
or elution. Equilibration and washing buffers contain lower concentrations of the aforementioned salts than elution 
buffers. Buffers may also contain between 1 and 1 0 mM MgCI 2 or CaCI 2 . Additionally buffers may contain between 0.5 
and 1 0 mM EDTA and other protease inhibitors such as Phenylmethanesulfonyl fluoride (PMSF). The pH of the buffers 

15 will be usually adjusted to a pH between 6.8 and 7.8, preferably between 7.0 and 7.6 and more preferably between 
7.2 and 7.5 and even more preferably to pH 7.5. For buffer composition of buffers used for acidic wash steps see below. 
[0046] Preferably equilibration and washing buffers contain between 5 - 50 mM Na-Phosphate pH 7.5 and more 
preferably 20 mM Na-Phosphate pH 7.5. Elution buffers contain between 150 - 500 mM NaCI and 5 - 50 mM Na- 
Phosphate pH 7.5 and preferably 300 mM NaCI, 20 mM Na-Phosphate pH 7.5. 

20 

Processing: 

[0047] Equilibration of columns is usually carried out with 5 to 20 column volumes (CV) of equilibration buffer. Washing 
of columns after loading is usually carried out with 2 to 5 CV washing buffer. Elution is usually carried out by a step 
25 elution with 2 to 5 CV elution buffer. 

[0048] The flow rate of the various steps depends on the geometry of the columns and the resin used. It can be 
calculated according the manufacture's instructions or general principles. The flow rate during elution is generally lower 
than the flow rate during equilibration, loading and washing. 

30 step b) Hydrophobic Interaction Chromatography (HIC) 

[0049] Material eluted from the capture step contains usually high concentrations of salt (between 1 00 and 500 mM 
NaCI or KCI). Therefore a useful continuation as the next step is hydrophobic interaction chromatography (HIC) as the 
first polishing step. The eluate from the capture step is loaded after it has been diluted, usually with phosphate buffer 
35 and isopropanol. 

[0050] HIC can be performed with all common commercially available HIC resins. HIC may be used in the form of 
pre-poured columns. Alternatively columns may be self-prepared. 

[0051] There are no specific limitations as to the capacity and the geometry of the columns other than the usual 
ones. The person skilled in the art knows that the amount of H IC resin to be used depends on the overall protein content 
40 of the protein preparation applied to the column. 

Resins 

[0052] H IC-resins that can be used for the purpose of the invention comprise matrices such as Butyl-, Phenyl-, Propyl 
45 or Octyl- Sepharose (Amersham Bioscience, Germany), Macro-Prep Methyl or t-butyl HIC support (Biorad, Germany) 
or Fractogel EMD with Propyl or Phenyl ligands (Merck AG, Germany). Preferred hydrophobic interaction chromatog- 
raphy material is Butyl-sepharose. 

Temperature 

50 

[0053] HIC can be usually performed between 2 and 35°C. Preferably it is performed at 15 - 25°C. In the case of 
erythropoietin the temperature should not be lower than 18°C, since erythropoietin does not bind quantitatively to the 
HIC resin at lower temperatures. 

55 Buffer composition 

[0054] Equilibration, washing and elution buffers may comprise all buffer types usually used for HIC (Deutscher 
(1990) Protein Purification, Academic Press, NY). Thus, buffering agents comprise Na-Phosphate, Na-Acetate, Tris/ 
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HCI, HEPES, or other buffering agents. Moreover, buffers may contain between 0,5 mM and 3 M NaCI, KCI or other 
suitable salts depending on whether the buffer is used for equilibration, washing or elution. Equilibration and washing 
buffers contain higher concentrations of the aforementioned salts than elution buffers. 

[0055] The equilibration- and the washing buffer contain up to 30%, preferably up to 10% of an alcohol such as 
5 Isopropanol. The elution buffer contains up to 50%, preferably up to 19% of an alcohol such as Isopropanol. 

[0056] Buffers may also contain between 1 and 10 mM MgCI 2 or CaCI 2 . Additionally buffers may contain between 
0.5 and 10 mM EDTA and other protease inhibitors such as Phenylmethanesulfonyl fluoride (PMSF). 
[0057] The pH of the dilution, equilibration and washing buffers will be usually adjusted to a pH between 6.8 and 7.8, 
preferably between 7.0 and 7.7, more preferably between 7.2 and 7.6 and even more preferably to pH 7.5. The pH of 
10 the elution buffer will be usually adjusted to a pH between 6.5 and 7.5, preferably between 6.7 and 7.2 and even more 
preferably to pH 6.9. 

[0058] The dilution buffer preferably contains between 2 - 6 M NaCI, 5 - 50 mM Na-Phosphate pH 7.5 and more 
preferably 4 M NaCI, 20 mM Na-Phosphate pH 7.5. Preferably equilibration und washing buffers contain between 1 - 
2.5 M NaCI, 5 - 50 mM Na-Phosphate pH 7.5, 5 - 1 5 % Isopropanol and more preferably 2 M NaCI, 20 mM Na-Phosphate 
15 pH 7.5, 10% Isopropanol. Elution buffer contains between 0.5 - 1 M NaCI, 5 - 50 mM Tris/HCI, pH 6.9, 10-50 % 
Isopropanol, 5-10 mM CaCI 2 and preferably 0.75 M NaCI, 20 mM Tris/HCI, pH 6.9, 19 % Isopropanol, 5 mM CaCI 2 . 

Processing: 

20 [0059] Equilibration of columns is usually carried out with 5 to 15 column volumes (CV) of equilibration buffer. Washing 
of columns after loading is usually carried out with 3 to 7 CV washing buffer. Elution is usually carried out by a step 
elution with 2 to 5 CV elution buffer. 

[0060] The flow rate of the various steps depends on the geometry of the columns and the resin used. It can be 
calculated according the manufacture's instructions or general principles. 

25 

Conductivity: 

[0061] Adjustment of the load conductivity was identified to be critical in order not to lose erythropoietin or other 
glycoproteins in the flow through. According to the invention conductivity of load during HIC should be comparable to 
30 that in the equilibration buffer. The conductivity in the load was typically adjusted to 95-105 mS/cm. 

Isopropanol concentration and temperature: 

[0062] Formation of precipitation was observed immediately after elution from the HIC resin in some cases, maybe 
35 due to the Isopropanol content. Even if the eluate was diluted down to 1 0% Isopropanol or less (see below), precipitation 
occurred. 

[0063] Thus, in the case of erythropoietin precipitation occurred after elution from the Butyl-Sepharose column (see 
below). Furthermore, when the eluate was diluted to 6.3% isopropanol with buffer at room temperature and stored 
overnight at 4°C, precipitation increased further. It is assumed that precipitation was induced by a combined solvent 
40 concentration and temperature effect. Precipitation led to substantial losses (< 30 % loss in erythropoietin). 

[0064] Therefore according to the invention, eluate fractions of the HIC step containing erythropoietin or the desired 
glycoprotein should be immediately diluted with cold buffer to a concentration below 10 %, preferably below 7% and 
even more preferably below 5% Isopropanol. In the case of erythropoietin dilution to a concentration of < 6.3 % iso- 
propanol prevents formation of precipitate. 

45 

Step c): Affinity chromatography 

[0065] Affinity purification can be performed with all common commercially available affinity resins that are appro- 
priate for purification of glycoproteins. Affinity resins may also be specifically designed for certain glycoproteins. Affinity 
50 resins may be used in the form of pre-poured columns. Alternatively columns may be self-prepared. 

[0066] There are no specific limitations as to the capacity and the geometry of the columns other than the usual 
ones. The person skilled in the art knows that the amount of affinity resin to be used depends on the overall protein 
content of the protein preparation applied to the column. 

55 Resins 

[0067] Affinity-resins that can be used for the purpose of the invention comprise matrices such as Macro-Prep (Bio- 
Rad, Germany), Dye-Sepharose (Biotechnol. Appl. Biochem. 29, 151-156, 1999), Peptide-ligand-affinity resins 
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(Kaufmann D.B., Biotech. Bioeng., Vol. 77, No. 3, Feb. 5, 278-288, 2002) antibody-affinity resins (Ben Ghanem et al., 
Preparative Biochemistry 24(2): 127-142, 1994), lectine-affinity resins (Amersham Biosciences, Germany). 

Temperature 

5 

[0068] Affinity chromatography can be usually performed between 2°C and ambient temperature. Preferably it is 
performed at ambient temperature. 

Buffer composition 

10 

[0069] Equilibration, washing and elution buffers may comprise all buffer types usually used for the respective affinity 
resins (Deutscher (1990) Protein Purification, Academic Press, NY). Thus, buffering agents for e. g. hydroxyapatite 
chromatography may comprise Na-Phosphate, Na-Acetate, Tris/HCI, HEPES and other suitable buffering agents. 
Moreover buffers may contain between 0 and 1 M NaCI, KCI, and other suitable salts, depending on whether the buffer 

15 is used for equilibration, washing or elution. Elution buffers will comprise also between 0 and 200 mM K 2 HP0 4 to form 
a gradient. The equilibration buffer may also contain between 1 and 10 mM MgCI 2 , CaCI 2 . Additionally buffers may 
contain between 0.5 and 1 0 mM EDTA and other protease inhibitors such as Phenylmethanesulfonyl fluoride (PMSF). 
[0070] The pH of buffers will be usually adjusted to a pH between 6.7 and 7.8, preferably between 6.8 and 7.5, more 
preferably between 6.8 and 7.2 and even more preferably to pH 6.9. If HIC has preceded affinity chromatography, 

20 equilibration and the first washing buffer may comprise up to 250 mM NaCI and up to 9% Isopropanol. The second 
washing buffer may contain no isopropanol, NaCI and CaCI 2 . 

[0071] In the case of hydroxyapatite chromatography, equilibration and elution buffers preferably contain between 5 
- 50 mM Tris/HCI pH 6.9 and more preferably 10-20 mM Tris/HCI pH 6.9. The equilibration buffer preferably also 
comprises 250 mM NaCI and 9% Isopropanol in the case erythropoietin is purified and HIC has preceded affinity 
25 purification. Elution buffers contain between 0-150 mM K 2 HP0 4 and 5 - 50 mM Tris/HCI pH 6.9 and preferably 0 to 
40 mM K 2 HP0 4 and 20 to 16 mM Tris/HCI pH 6.9, to form a gradient. 

Processing: 

30 [0072] Equilibration of columns is usually carried out with 5 to 20 column volumes (CV) of equilibration buffer. Washing 
of columns after loading is usually carried out with 2 to 6 CV washing buffer. A second washing with 1 to 2 and preferably 
1 to 1 .2 column volumes of a washing buffer may follow this. Elution is usually carried out by a gradient elution with 2 
to 6 CV elution buffer. 

[0073] The flow rate of the various steps depends on the geometry of the columns and the resin used. It can be 
35 calculated according the manufacture's instructions. The flow rate, during elution, loading and washing is usually 80 
cm/h, and during equilibration usually 113 cm/h. 

Step d) Anion exchange Chromatography 

40 [0074] As indicated above a second anion exchange chromatography step may be performed at the end of the DSP 
process which defines the final product isoform composition. This step includes an acidic wash step to specifically 
remove the EPO isoforms of more basic pi. 

Resins 

45 

[0075] Anion exchange chromatography at this stage can be performed with all common commercially available 
anion exchange resins or membranes. Anion exchange resins may be used in the form of pre-poured columns. Alter- 
natively columns may be self-prepared. 

[0076] There are no specific limitations as to the capacity and the geometry of the columns other than the usual 
50 ones. The person skilled in the art knows that the amount of anion exchange resin to be used depends on the overall 
protein content of the protein preparation applied to the column. 

[0077] Generally all resins usable for the anion exchange chromatography capture step (such as those listed in step 
A) may be used for this second anion exchange chromatography step. As a substantial amount of proteins will have 
already been removed at this stage of the DSP process, anion exchange resins that allow specifically for high resolution 
55 separation of proteins may be applied. 

[0078] Therefore resins as Resource Q (Amersham Biocsiences, Germany) are preferably used at this stage of the 
DSP process. Accordingly flow rates will generally be lower than during the anion exchange chromatography capture 
step (see examples). 



8 



EP 1 428 878 A1 



Temperature 

[0079] The capture can be usually performed between 2° C and ambient temperature. Preferably it is performed at 
ambient temperature. 

5 

Buffer composition 

[0080] Equilibration, washing and elution buffers may comprise all buffer types usually used for anion exchange 
chromatography (Deutscher (1990) Protein Purification, Academic Press, NY). Thus, buffering agents comprise Na- 

10 Phosphate, Na-Acetate, Tris/HCI, HEPES or any suitable buffering agent. Moreover buffers may contain between 0 
and 1 M NaCI, KCI, or any suitable salt, depending on whether the buffer is used for equilibration, washing or elution. 
Equilibration and washing buffers contain lower concentrations of the aforementioned salts than elution buffers. Buffers 
may also contain between 1 and 10 mM MgCI 2 or CaCI 2 . Additionally buffers may contain between 0.5 and 10 mM 
EDTA and other protease inhibitors such as Phenylmethanesulfonyl fluoride (PMSF). The pH of the buffers will be 

15 usually adjusted to a pH between 6.8 and 7.8, preferably between 7.0 and 7.6, more preferably between pH 7.2 and 
7.5 and even more preferably to pH 7.5. For buffer composition of buffers used for acidic wash steps see below. 
[0081] Preferably equilibration and washing buffers contain between 5 - 50 mM Na-Phosphate pH 7.4 and more 
preferably 10 mM Na-Phosphate pH 7.4. Elution buffers contain between 150-750 mM NaCI and 5 - 50 mM Na-Phos- 
phate, pH 7.5 and preferably 500 mM NaCI, 15 mM Na-Phosphate, pH 7.4. 

20 

Processing: 

[0082] Equilibration of columns is usually carried out with 5 to 20 column volumes (CV) of equilibration buffer. Washing 
of columns after loading is usually carried out with 5 to 15 CV washing buffer. Elution is usually carried out either by 
25 gradient or step elution with 3 to 1 0 CV elution buffer. 

[0083] The flow rate of the various steps depends on the geometry of the columns and the resin used. It can be 
calculated according the manufacture's instructions. The flow rate is generally approximately 200 cm/h during equili- 
bration, loading, washing and elution. 

30 Acidic wash steps at the anion exchange chromatography 

[0084] According to the invention at least one acidic wash step has to be carried out during the DSP process at one 
of the anion exchange chromatography steps. At what stage of the DSP process this acidic wash step is to be carried 
out depends on the glycoprotein purified. However, if a second anion exchange chromatography step is carried out 
35 during the DSP process as it is preferred for the purification of highly sialylated forms of erythropoietin, the acidic wash 
step is preferably carried out at the second anion exchange chromatography step. 
[0085] The general features of the acidic wash step are set out in the following. 

[0086] An acidic wash step can be employed when generally a glycoprotein (specifically erythropoietin) is bound to 
an anion exchange matrix, the predominant binding forces being ionic interactions between the positively charged 
40 groups of the matrix and the negatively charged residues of the glycoprotein, predominantly resulting from sialic acid 
residues. Other glycoproteins that can be purified by this approach comprise t-PA, Factor XIII, Factor VIII, Interferon- 
P, IL-2. 

[0087] The ionic interactions between the glycoprotein, e.g. erythropoietin, and the matrix can be modulated by pH 
or ionic strength. It is assumed that by lowering the pH, the sialic acid residues are gradually neutralized by protonation, 

45 so that binding of the glycoprotein, e.g. erythropoietin, to the matrix becomes weaker, eventually resulting in the elution 
of erythropoietin from the column. The acid procedure can be therefore used to wash off the glycoform isoforms with 
lower sialylation status (basic glycoprotein isoforms e.g. of erythropoietin), thus retaining glycoform isoforms with higher 
sialylation status (acidic glycoprotein isoforms of e.g. erythropoietin). By employing a combination of salt strength and 
pH, one can modulate the system further to obtain desired isoforms or to remove unwanted isoforms. 

so [0088] Thus, it was an object of the invention to identify acidic wash conditions (ionic strength and pH) that allow to 
selectively elute basic glycoprotein (e.g. erythropoietin) isoforms and unrelated impurities, whilst retaining quantitatively 
preferred acidic glycoprotein (e.g. erythropoietin) isoforms. According to the invention, the DSP process includes there- 
fore at least one acidic wash step at one of the anion exchange chromatography steps. 

[0089] Thus, according to the invention, acidic wash steps may be performed at step a) or at step d) only if the DSP 
55 process comprises two anion exchange chromatography steps. In another embodiment of the invention, acidic wash 
steps may be performed at step a) and step d) if the DSP process comprises two anion exchange chromatography steps. 
[0090] Thus, the position of the acidic wash step is not restricted to any of the 2 positions of the ionexchange step. 
However, for purification of specific glycoproteins such as erythropoietin, it may be preferable that only one acidic wash 
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step is performed at step d) of the DSP process. The use of at least one acidic wash step in connection with the 
repeated use of the same column chromatography principle (anion exchange) is particularly suitable for increasing the 
selectivity of separation of closely related molecules that differ by subtle charge differences. 

[0091] If an acidic wash is performed at the first anion exchange chromatography step at step a) (capture step), this 
5 may serve i) to mainly remove unrelated impurities of the cell culture fluids or supernatant and ii) to remove some basic 
glycoprotein (e.g. erythropoietin) isoforms. 

[0092] The acidic wash step at step d) (second anion exchange chromatography) serves to selectively remove spe- 
cifically basic glycoprotein (e.g. erythropoietin) isoforms. 

[0093] The advantages and features of the acidic wash procedure according to the invention are the following: 

10 

too strong acidic wash steps at either step a) or step d) will cause unacceptable product losses; 

one single acidic wash at step d) with intermediate strength yields a glycoform isoform profile with a favourable 

enrichement of acidic pi isoforms; and 

an additional mild acidic wash step in step a) will provide a glycoprotein isoform pool that has a decreased content 
15 in basic glycoprotein isoforms and contaminating unrelated basic proteins. This pre-purified glycoprotein pool qual- 

ifies for further purification for further selective removal of basic isoforms, employing a second acidic wash. This 
combination yields a strong enrichment of acidic pi isoforms. 

Acidic wash step at the anion exchange capture step 

20 

[0094] Buffers for acidic wash may contain Na-phosphate, Na-Acetate, Na-Citrate, MES or other suitable buffering 
agents. Buffers preferred for the acidic wash step at the capture step usually comprise between 5 and 50 mM, preferably 
between 10 and 40 mM and even more preferably between 20 and 35 mM Na-Acetate. 

[0095] Buffers may also contain between 1 and 10 mM MgCI 2 or CaCI 2 . Additionally buffers may contain between 
25 0.5 and 5 mM EDTA and other protease inhibitors such as Phenylmethanesulfonyl fluoride (PMSF). 

[0096] The pH of the buffers for the acidic wash will be usually adjusted to a pH between 2.0 and 5.5, preferably 
between 2.5 and 4.5 and even more preferably between 3.0 and 4.0 depending on the buffering agent used and the 
glycoprotein to be purified. 

[0097] As the ionic strength of the buffer also has an influence on the selectivity of the acidic wash step, buffers that 
30 contain Na-Acetate are preferred. 

[0098] Preferably acidic washing buffers contain between 20 and 40 mM Na-Acetate pH 3.0 - 4.0 and more preferably 
33 mM Na-Acetate pH 4.0. 

Acidic wash step at the second anion exchange step 

35 

[0099] An acidic wash step at the second anion exchange chromatography step is generally carried out with buffers 
of the same or comparable composition as buffers used for acidic wash steps at the capture step. 
[0100] Preferred buffers at this second ion exchange step contain between 5 and 30 mM Na-Acetate pH 3.0 - 4.0 
and more preferably 20 mM Na-Acetate pH 4.0. 

40 

Exampies 

[0101] Examples are given below that illustrate preferred embodiments of the invention for the purification and en- 
richment of highly glycosylated and sialylated isoforms of erythropoietin. The examples should not be interpreted as 
45 to restrict the invention. 

Expression system for production of erythropoietin 

[0102] Erytropoietin was expressed with a DHFR~ Chinese Hamster Ovary suspension cell line (CHO, Puck et al. 

50 (1958) J. Exp. Med. 108: 945; Urlaub et al. (1980) PNAS USA 77: 4216-4220). The Dihydrofolatereductase (DHFR) 
negative host cell line was adapted to grow in protein-free medium. The erythropoietin gene was subcloned into a 
DHFR gene carrying vector under the control of a strong cytomegalovirus promotor. Transfected cells were selected 
and the erythropoietein gene amplified in the presence of methotrexate. Following a two-round of cell cloning, clones 
were selected for good growth, high product titre and production of erythropoietin with a favourable glycosylation pat- 

55 tern. Glycosylation pattern of erythropoietin recombinant cell lines were determined by mapping of N-linked oligosac- 
charides with HPAD (Hermentin et al. (1996) Glycobiology, 6 (2): 217-30) and HPLC (Kanazawa (1999) Biol. Pharm. 
Bull 22 (4) 339-346). 

[0103] The clone, which was selected for further studies, grew (in batch) at a doubling time of approximately 22 hours 
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and produced approximately 45 mg/l erythropoietin at a cell density of 2x1 0 6 cells/ml with a high antennary glycostruc- 
ture. 

Culture conditions 

5 

[0104] The recombinant CHO cells which were producing erythropoietin were grown at the 2-litre scale and at the 
20-litre scale in a) batch, b) repeated-batch and c) repeated-fed-batch processes. Fermentors were inoculated at a 
cell density of approximately 2x1 0 5 cells per ml. In batch cultures, cells were grown into the plateau phase and harvested 
at approximately 2x1 0 6 cells per ml (product concentration at approximately 45mg/l). 
w [0105] In a repeated batch process, cells were grown to approximately 1 .5-2x1 0 6 cells per ml (product concentration 
approximately 20 mg/ml) and the culture was split to approximately 2x1 0 5 cells per ml by removing a part of the culture 
and replacing the withdrawn culture volume with fresh medium to initiate the subsequent production cycle. The removed 
culture containing the product was purified. 

[0106] In the repeated-fed-batch process, the cultivation time of the individual cycles of the repeated batch culture 
15 could be extended 1 day by feeding a concentrate of nutrients to the culture. The harvest was performed 4 days after 
the start at approximately 2-3x1 0 6 cells per ml (product yield was approximately 30-40 mg/l). Other processes (e.g. 
continuous or perfusion cultivation) are feasible alternatives. 

[0107] Medium for fermentation was a protein free medium, typically used for culturing CHO cells, which was sup- 
plemented with 2 mM glutamin, 0.1% Pluronic F68 (Sigma, Germany) and 2 ppm antifoam C (Sigma, Germany). Tem- 
20 peratures were between 34°C and 37°C, preferably 37°C. The pH was between pH 7.2 and pH 7.5, preferred was pH 
7.2. During cultivation, correction of the pH in the bicarbonate buffered medium was done by C0 2 injection or NaOH 
addition. Oxygen concentration was controlled at 40% air saturation by sparging the culture with air, nitrogen and 
oxygen. 

[0108] The culture harvests were cleared from most of the cells (98%) by continuous centrifugation with a Biofuge 
25 1 7RS (at approximately 3540 x g). Remaining cells and debris were separated by filtration with a Sartocon II (Sartorius, 

Germany) and a 0.6 m 2 Cellulose Acetate Filtration-Module 0.2 jum (Nr. 3021230706W, Sartorius, Germany). 

[0109] The filtrate was concentrated by ultrafiltration and conductivity adjusted below 5 mS to approximately 4 mS. 

The harvest was concentrated 6 to 9 fold and diafiltered against 20 mM Na-Phosphate, pH 7.5. The resulting volume 

was between 2.2 and 3.3 litres. 
30 [01 10] After the harvest was concentrated by ultrafiltration and dialysed, EPO was purified by the following sequence 

of chromatography steps. 

[0111] Of course, also other EPO-producing clones and cell lines can be used, e. g. as disclosed in EP-A-0 148 605 
and EP-A-0 205 564. The same applies to the culture conditions, also here several protocols and conditions are de- 
scribed in the patent literature as well as the scientific literature. 

35 

Step a) Anion Exchange Chromatography as capture step 

[0112] 200 ml of Q Sepharose XL resin (Amersham Biosciences, Germany) were packed in a XK50 column (Amer- 
sham Biosciences, Germany). The capture was performed at 2-8°C. 
40 [0113] The following buffers were used: 

buffer A: 20 mM Na-Phosphate pH 7.5 

buffer B: 300 mM NaCI, 20 mM Na-Phosphate pH 7.5 

45 [0114] Processing of this chromatography step was carried out as follows: 

Equilibration of the column with 1 0 CV buffer A at 70 ml/min (220 cm/h) 
Loading of sample at 70 ml/min (220 cm/h) 
Wash step with buffer A with 2 CV at 70 ml/min (220 cm/h) 
50 Elution with step gradient: 100 % buffer B at 25 ml/min (80 cm/h) (Peak E1 of Figure 3) 

[01 1 5] The results are given in Table 1 . 



55 
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Table 1 



Result of capture Step. For elution profile see Figure 3 


Step 1 (Start) 


Sample name 


Volume [L] 


EPO [mg/l] 


EPO [mg] 


Yield % 


Start material: 

^ ^ w lb III *— ^ fa ^— - I I 1 ■ 


A 


3.14 


110.48 


346.9 








Step 2 (Load) 












Flow throuah 

1 1 %^ WW kill >— ' V-fl 1 1 


D 


3.1 


6.86 


21.26 


6 


Wash 


W 


0.5 


9.27 


4.63 


1.3 














Step 3 (Elution) 

fa ^ ^ r»— - \ i fa i ii/ 




Peak 


E1 


0.250 


1097.1 


274.2 


79 




E2 


0.090 


15.90 


1.43 


0.4 






Step 4 (Wash) 




Peak 


E3 


0.180 


1.64 


0.29 


0.1 






Total eluted 








301.81 


87 



Step b) Hydrophobic Interaction Chromatography (HIC) 

[01 1 6] 400 ml Butyl-Sepharose FF (Amersham Biosciences, Germany) were packed in a XK-50 column (Amersham 
Biosciences, Germany). Purification was performed at ambient temperature. 
[0117] The following buffers were used: 

buffer A: 4 M NaCI, 20 mM Na-Phosphate pH 7.5 
buffer B: 5 mM CaCI 2 , 20 mM Tris HCI pH 6.9 

buffer C: 2 M NaCI, 10% Isopropanol, 20 mM Na-Phosphate pH 7.5 

buffer D: 0,75 M NaCI, 5 mM CaCI 2 , 20 mM Tris HCI pH 6.9 

buffer E: 0,75 M NaCI, 5 mM CaCI 2 , 50% Isopropanol, 20 mM Tris HCI pH 6.9 

[0118] Processing of this chromatography step was carried out as follows: 

[01 1 9] Capture eluate from step a) was diluted with 85% (v/v) of buffer A. 1 0 % Isopropanol (v/v) were added in order 
to establish buffer conditions comparable to buffer C. The conductivity was between 95 and 105 mS/cm. 



Equilibration 


| 1 0 CV buffer C at 25 ml/min (80 cm/h) 


Loading 


I at 25 ml/min (80 cm/h). 


Wash 


| 3 CV of buffer C at 25 ml/min 


Elution (step gradient) 


| 3 CV of 38% buffer E and 62% buffer D at 25 ml/min (80 cm/h) 



[0120] Peak E1 (see Figure 4) was collected in 2.5 CV (1000 ml) ice cold buffer B and was processed immediately 

on the affinity hydroxyapatite column. 

[0121] The results of this step are given in Table 2. 
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Table 2 



Results of the HIC step. For elution profile see Figure 4 


Step 1 (Start) 


Sample name 


Volume [L] 


EPO [mg/l] 


EPO [mg] 


Yield % 


Start material: 


A 


0.509 


453.1 


230.6 








Step 2 (Load) 












Flow throuah 

1 1 %^ WW kill >— ' V-fl 1 1 


D 


0.510 


2.49 


1.26 




Wash 


W 


2.000 


0.58 


1.16 








Step 3 (Elution) 




Peak 


E1 


1.875 


111.5 


209.06 


90 














Step 4 (Wash) 




Peak 


E2 


0.250 


195.8 


48.95 


21 






Total eluted 








260.43 


111 



Step c): Affinity Chromatography with HAP 

[0122] 135 ml of Macro-Prep (Ceramic), Typ I, 40 \im (BioRad, Germany) were packed in a XK 26/40 (Amersham 
Biosciences, Germany). The process was performed at ambient temperature. 
[0123] The following buffers were used: 

buffer A: 0.25 M NaCI, 5 mM CaCI 2 , 9% Isopropanol, 20 mM Tris pH 6.9 

buffer B: 20 mM Tris HCI pH 6.9 

buffer D: 100 mM K 2 HP0 4 , 10 mM Tris, pH 6.9 

[0124] Processing of this chromatography step was carried out as follows: 



Equilibration 


1 1 .5 CV buffer A at 1 0 ml/min (1 1 3 cm/h) 


Loading 


at 7 ml/min (80 cm/h) 


Wash step 1 


5.75 CV buffer A at 7 ml/min (80 cm/h) 


Wash step 2 


1 .15 CV buffer B at 7 ml/min (80 cm/h) 


Elution 


buffer B, D: gradient from 0% to 40% buffer D in 4.6 CV at 7 ml/min. 



[0125] Results: Erythropoietin elutes in one peak (Figure 5), which was processed further on a second anion ex- 
change column. 

[0126] The results of this step are given in Table 3: 



Table 3 



Results of the HAP step. For elution profile see Figure 5 


Step 1 (Start) 


Sample name 


Volume [L] 


EPO [mg/l] 


EPO [mg] 


Yield % 


Start material: 


A 


1.79 


111.5 


199.6 
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Table 3 (continued) 



Results of the HAP step. For elution profile see Figure 5 


Step 2 (Load/Wash) 


Sample name 


Volume [L] 


EPO [mg/l] 


EPO [mg] 


Yield % 


Flow through 


D 


1.80 


0.85 


1.53 


1 




W1 


0.75 


0.91 


0.68 


0.5 




W2 


0.15 


0.51 


0.08 


0.05 




Step 3 (Elution) 




Peak 


E1 


0.200 


745.9 


149.2 


75 




Total: 








151 


77 



Step d) Anion exchange Chromatography 

[0127] This step was performed with a prepacked Resource Q 1 ml (1 ml Source 1 5Q, Amersham Biosciences, Ger- 
many). The column run was performed at ambient temperature. Alternatively, an ion exchange membrane was used 
(Sartobind Membraneadsorber (MA) Q100 (Sartorius, Germany). 
[0128] The following buffers were used: 

buffer A: 10 mM Na-Phosphate pH 7.4 

buffer B: 1M NaCI, 20 mM Na-Phosphate pH 7.4 

buffer C: 20 mM Na-Acetate pH 4.0 

[0129] Processing of this chromatography step was carried out as follows: 



Equilibration 


10 CV buffer A at 1 ml/min 


Loading 


at 1 ml/min (186 cm/h) 


Wash 


10 CV buffer A at 1 ml/min 


Acidic wash 


2 CV buffer C at 1 ml/min 


Wash 


10 CV buffer A at 1 ml/min 


Step-elution 


1 CV 50% buffer B at 1 ml/min 



[0130] The results are given in Table 4: 

Table 4 



Results of the second anion exchange step. For elution profile see Figure 6 


Step 1 (Start) 


Sample name 


Volume [L] 


EPO [mg/l] 


EPO [mg] 


Yield % 


Start material: 


Pooh 


0.0067 


854.07 


5.72 






Step 2 (Load) 












Flow through 


D 


0.007 


0.48 


0.003 


0 




Step 3 (acidic wash) 












Peak 


AW 


0.0035 


191.24 


0.67 


11 
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Table 4 (continued) 



Results of the second anion exchange step. For elution profile see Figure 6 




Sample name 


Volume [L] 


EPO [mg/l] 


EPO [mg] 


Yield % 


Step 3 (acidic wash) 














Step 4 (Elution) 




Peak 


E 


0.0055 


670.6 


3.68 


64 




Total eluted: 








4.35 


74 



15 [0131] Peak E1 of Figure 6 was then analysed by SDS-PAGE-Gelelectrophoresis and subsequent Coomassie stain- 
ing. As can be see from Figure 6, erythropoietin was eluted in a single step at high purity, comparable to that of the 
Ph. Eur. BRP standard. 

[0132] Subsequently Peak E1 of Figure 6 was analysed with respectto its isoform content by IEF (Isoelectric focusing 
gel electrophoresis was carried out on a preacst gel (Amersham Biosciences) using the Phast system (Amersham 
20 Biosciences) and applying a pH gradient of pH 3.5 to 6.5) (Figure 8). EPO isoforms were visualised either by Western 
blotting or Silver staining. The acidic wash led to a reduction of basic pi isoforms, which yielded an isoform profile, 
closely resembling that of the Ph. Eur. BRP standard (Figure 8). 

[0133] This was further confirmed by DEAE HPLC analysis of AB (2-aminobenzamide) labelled native (Figure 9) and 
neutral (Figure 1 0) sugar oligos, which were released from purified erythropoietin (Kanazawa (1 999) Biol. Pharm. Bull 
25 22 (4) 339-346). 

[0134] In another embodiment of the invention, the DSP process, as exemplified for erythropoietein purification can 
comprise an acidic wash step at the first anion exchange chromatography step. This is exemplified as follows. 

Step a) anion exchange chromatography as capture step with an acidic wash step 

30 

[0135] Culture extracts were prepared as outlined above. The same volume was applied to the anion exchange 
column. 

[0136] 170 ml of Q Sepharose XL resin (Amersham Biosciences, Germany) were packed in a XK50 column (Amer- 
sham Biosciences, Germany). The capture was performed at ambient temperature. 
35 [0137] The following buffers were used: 

buffer A1 : 20 mM Na-Phosphate pH 7.5 

Buffer A2: 33 mM Na-Acetate pH 4.0 

Buffer B: 300 mM NaCI, 20 mM Na-Phosphate pH 7.5 

40 

[0138] Processing of this chromatography step was carried out as follows: 

Equilibration of the column with 5 CV buffer A1 at 25 ml/min (80 cm/h). 
Loading of sample at 25 ml/min (80 cm/h). 
45 Wash step with buffer A1 with 2 CV at 25 ml/min (80 cm/h) 

Wash step with buffer A2 with 3 CV at 25 ml/min (80 cm/h) 
Elution with step gradient with buffer B at 25 ml/min (80 cm/h) 

[0139] Step elution resulted in 2 peaks (E2 and E3). The results are given in Table 5. 

50 

Table 5 



Data from the capture step with an acidic wash step 


Run 1.21 


Volume [ml] 


Erythropoietin cone, [mg/l] 


Erythropoietin total [mg] 


Yield % 


Load 


760 


81.8 


62.2 


100 


Flow through 


800 


1 


0.8 


1.3 
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Table 5 (continued) 



Data from the capture step with an acidic wash step 


Run 1.21 


Volume [ml] 


Erythropoietin cone, [mg/l] 


Erythropoietin total [mg] 


Yield % 


Acidic Wash: Peak E1 


100 


55.6 


5.6 


9 


Elution peak E2 


59 


648.9 


38.3 


61.6 


Elution peak E3 


35 


40.5 


1.4 


2.2 


Total eluted 








74.1 



[0140] As can be seen from Figure 1 1 , the acidic wash step with 33 mM Na-acetate pH 4.0 leads to the loss of some 
material (E1). It allows, however, for discriminating erythropoietin isoforms (E2 and E3), which resemble that of the 
Ph. Eur. BRP standard (Std), and the more basic erythropoietin isoforms (E1). This yields an adjustment of the eryth- 
ropoietin isoform profile to that of the BRP standard already at the capture step. 

[0141] It was also tested which salt buffer conditions are optimal if an acidic wash step is carried out at the second 
anion exchange chromatography step. 

Optimisation of the acidic wash step at the second anion exchange step 

[0142] To optimise the buffer conditions of the acidic wash step at the second anion exchange chromatography 
column, buffers were prepared containing 5, 10 or 20 mM Na-Acetate pH 4.0. The purification step was carried out as 
described above for step d). Afterwards eluates were analysed with respect to their erythropoietein isoform content by 
IEF (Figure 12). 

[0143] Concentrations ranging of 5 mM, 10 mM and 20 mM Na-Acetate pH 4.0 yielded increasing material in the 
acidic wash (1%, 6.3% and 10%) and a shift towards a more acidic isoform profile of the eluted erythropoietin. As 
shown in Figure 12, at a 20 mM Na-Acetate pH 4.0 wash, the erythropoietein isoform profile closely resembles that of 
the Ph. Eur. BRP standard. Therefore this concentration is preferred for purification of highly sialylated forms of EPO. 
[0144] Erythropoietin, which was exposed to an acidic wash step at the capture, was processed through the 4-step 
purification protocol with or without a second acidic wash step at the second anion exchange chromatography step. 
Isoforms isolated by the second anion exchange chromatography step were analysed by IEF followed by Western 
Blotting (see Figure 13). Purification sequence was otherwise identical to the procedure as described above. 
[0145] Figure 13 shows that isoforms of erythropoietin purified without an additional acidic wash step at the second 
anion exchange step contain most of the isoform bands as the Ph. Eur. BRP erythropoietin standard (Figure 13A). It 
could further be demonstrated that a second acidic wash step leads to a selective enrichment of more acidic isoforms, 
represented by the 3 - 4 most acidic isoforms (Figure 13B). The second acidic wash removes most of the remaining 
basic erythropoietin isoforms. 

[0146] Thus, a 2-step acidic wash procedure has been shown to be another means by which a strong relative en- 
richment of acidic isoforms can be achieved. 

[0147] Thus, the present invention allows for purification of a glycoprotein with a specific isoform composition, rich 
in acidic pi isoforms. This is achieved by combining favourable cell culture conditions and new purification techniques. 
Based on a cell clone, which was selected for the production of highly sialylated product, i) culture conditions for the 
production of the highly sialylated isoforms were identified to be optimal in the range of pH 7.2 to pH 7.5 and ii) at least 
one acidic wash step at one of anion exchange steps during purification was found to provide measures for further 
selective enrichment of the more acidic isoforms. 

Figure Legends 

Figure 1 : 

[0148] Isoform distribution of the Ph. Eur. BRP standard and of erythropoietin, which was produced by CHO cultures 
at pH 6.9, pH 7.2 and pH 7.5. Erythropoietin was purified according to a 2-step purification protocol (capture with 
Q-Sepharose XL and salt step elution followed by a HIC step with butyl-sepharose FF as set out in the examples) and 
analysed by capillary electrophoresis (CE). The lower peak numbers present the isoforms of basic, the higher peak 
numbers the isoforms of acidic pi. High culture pH yields an increased degree of acidic erythropoietin isoforms. The 
peak numbers correspond to the Ph. Eur. annotation. 
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Figure 2: 

[0149] CHO cultures, which produce erythropoietin, were grown at pH 6.9, pH 7.2 and pH 7.5. Cells were growing 
best at lower pH (pH 6.9) and had the best productivity at higher pH (pH 7.5). The glycoform-profile was better at higher 
5 pH (pH 7.2 and pH 7.5, see Figure 1). The culture-conditions of pH 7.2 provide for good cell-growth, high product 
sialylation and good final product yield. 

Figure 3: 

10 [0150] Elution profile of step a) of the purification sequence. Peak E1 was collected, peak E2 was recorded during 
cleaning. 

Figure 4: 

15 [0151] Elution profile of step b) of the purification sequence. Peak E1 was collected, peak E2 was recorded during 
cleaning. 

Figure 5: 

20 [0152] Elution profile of step c) of the purification sequence. The elution peak was collected as indicated by the arrow. 
Figure 6: 

[0153] Elution profile of step d) of the purification procedure. Peak E1 was collected as indicated by the arrow. 

25 

Figure 7: 

[0154] Coomassie Blue stained SDS-PAGE-Gel analysis shows comparable purity between the erythropoietin after 
step d) (lane 1) and the Ph. Eur. BRP standard (lane 2). Lane 3 is a marker. 

30 

Figure 8: 

[0155] Isoelectric focussing of Ph. Eur. BRP standard (lane 1), eluted purified erythropoietin from step d) (lane 2) 
and load (lane 3) of this chromatography step. Detection was achieved by Western Blotting (left panel) and Silver 
35 staining (right panel). The more basic pi isoforms in the load (lane 3) were significantly removed by the acidic wash. 
This yields a product (lane 2) with an isoform profile closely comparing to that of the Ph. Eur. BRP standard (lane 1). 

Figure 9: 

40 [0156] Mirror image comparison of the native erythropoietin sugar oligos released from the purified erythropoieting 
after step d) and the one released form the Ph. Eur. BRP standard. The oligos were AB-labelled and separated by 
HPLC on a DEAE column. One acidic wash at the second anion-exchange chromatography step yielded an oligosac- 
charide distribution of the sample, which compares to that of the Ph. Eur. BRP standard (STD). 

45 Figure 10: 

[0157] Mirror image comparison of the neutral erythropoietin sugar oligos released from the purified erythropoietin 
after step d) and the ones released form the Ph. Eur. BRP standard. The acidic wash in the second capture yields a 
distribution profile of neutral oligosaccharides, which has high similarity to that of the Ph. Eur. BRP standard (STD). 

50 

Figure 11 : 

[0158] Erythropoietin isoform composition in the acidic wash fraction (E1 ) and the elution peaks (E2 and E3) at the 
capture step was analysed by IEF. Protein isoforms were visualised by Western Blotting. The acidic wash with 33 mM 
55 Na acetate, pH 4.0 allows to discriminate erytropoietin isoforms, which resemble that of the Ph. Eur. BRP standard 
(Std.) and the more basic isoforms. This yields an adjustment of the erythropoietin isoform profile to that of the BRP 
standard already at the capture step. 
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Figure 12: 

[0159] Analysis of the load of the second anion-exchange column (lane 4) and of the elutions after acidic washes 
with 20 mM (lane 3), 5 mM (lane 2) and 10 mM (lane 1 ) Na-Acetate pH 4.0 with respect to the isoform distribution by 
IEF. Protein isoforms were visualised by Western Blotting (left panel) or Silver staining (right panel). After an acidic 
wash at the second anion exchange step, eluates contained significantly less isoforms of basic pi compared to the 
load (lane 4). The buffer with 20 mM Na-Acetate pH 4.0 yielded the strongest reduction. The isoform profile is compa- 
rable to that of the BRP standard (STD). 

Figure 13: 

[0160] Analysis of the erythropoietin isoforms in the eluate of the second anion exchange step as analyed by IEF. 
Proteins were visualised by Western blotting. A) Purification without an acidic wash step after the second ion exchange 
column. B) Purification with an additional acidic wash step after the second ion exchange column. The eluate was 
collected in 5 fractions (F1 to F5). An acidic wash had been performed in A) and B) at the first anion exchange chro- 
matography capture step. 

[0161] The product without a second acidic wash (A) contains most of the isoforms of the Ph. Eur. Standard (Stand- 
ard). Product with a second acidic wash (B) is selectively enriched in the more acidic pi isoforms, represented by the 
3-4 most acidic isoforms. 



Claims 

1. Method of purifying highly glycosylated and/or sialylated glycoprotein isoforms from a complex protein mixture, 
characterised in that, 

the method comprises at least one anion exchange chromatography step and at least one acidic wash step at one 
of the anion exchange chromatography steps. 

2. Method according to claim 1 , characterised in that, 

the method comprises additional chromatography steps based on a principle other than anion exchange chroma- 
tography. 

3. Method according to claim 2, characterised in that, 

these additional chromatography steps comprise hydrophobic interaction chromatography (HIC) and/or affinity 
chromatography (AC). 

4. Method according to one of claims 1 to 3, characterised in that, 

the method comprises two anion exchange chromatography steps, which are separated by chromatography steps 
based on a principle other than anion exchange chromatography, and at least one acidic wash step at one of the 
anion exchange steps. 

5. Method according to one of claims 1 to 4, characterised in that, 

the method comprises the following steps: 

a) a first anion exchange chromatography step as a capture step and an optional acidic wash step, 

b) hydrophobic interaction chromatography, 

c) affinity chromatography, 

d) a second anion exchange chromatography step and an acidic wash step. 

6. Method according to claim 5, characterised in that, 

elution in substeps a) to d) is carried out by step or gradient elution. 

7. Method according to claim 5 or 6, characterised in that, 

substeps a) andd) are performed with anion exchange resins or membranes that contain Diethylaminoethyl-groups 
(DEAE), quaternary aminoethyl-groups (QAE), quaternary ammonium-groups (Q), Dimethylaminoethyl-groups 
(DMAE) and/or Trimethylaminoethyl-groups (TMAE) as functional groups. 

8. Method according to claim 7, characterised in that, 
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substep a) is performed with commercially available Q-Sepharose XL resin. 

9. Method according to claim 7, characterised in that, 

substep d) is performed with commercially available Resource Q resin. 

10. Method according to claim 5 or 6, characterised in that, 

substep b) is performed with resins that contain Butyl-, Phenyl-, Propyl- and/or Octyl-g roups as functional groups. 

11. Method according to claim 10, characterised in that, 

substep b) is performed with commercially available Butyl-Sepharose FF resin. 

12. Method according to claim 5 or 6, characterised in that, 

substep c) is performed with affinity resins such as hydroxyapatite, Ni-NTA, Talon, dye chromatography resins 
such as Dye- or Blue-Sepharose, antibody-affinity resins, lectine affinity resins and/or peptide-ligand-affinity resins. 

13. Method according to claim 12, characterised in that, 

substep c) is performed with commercially available hydroxyapatite Macro-Prep Typ I resin. 

14. Method according to one of claims 1 to 13, characterised in that, 

the buffer for the acidic wash step has a pH between 2.0 and 5.0, preferably between 2.5 and 4.5 and more 
preferably between 3.0 and 4.0. 

15. Method according to one of claims 1 to 14, characterised in that, 

the buffer for the acidic wash step contains Na-Actetate, Na-Citrate, HEPES, PIPES, MES and/or MOPS as buff- 
ering agents. 

16. Method according to one of claims 1 to 15, characterised in that, 

the buffer for the acidic wash step in the capture step contains between 5 and 50 mM Na-Actetate with a pH 
between 3.0 and 4.0, preferably between 10 and 40 mM Na-Actetate with a pH between 3.0 and 4.0, even more 
preferably between 15 and 35 mM Nac-Acetate with a pH between 3.0 and 4.0 and most preferably 33 mM Na- 
Actetate pH 4.0. 

17. Method according to one of claims 1 to 15, characterised in that, 

the buffer for the acidic wash step in the second anion exchange chromatography step contains between 5 and 
50 mM Na-Actetate with a pH between 3.0 and 4.0, preferably between 10 and 40 mM Na-Actetate with a pH 
between 3.0 and 4.0, even more preferably between 15 and 30 mM Nac-Acetate with a pH between 3.0 and 4.0 
and most preferably 20 mM Na-Actetate pH 4.0. 

18. Method according to one of claims 1 to 17, characterised in that, 

the purified glycoprotein is erythropoietin, preferably human recombinant erythropoietin. 

19. A highly glycosylated and/or sialylated glycoprotein purified by a method according to one of claims 1 to 17. 

20. A highly glycosylated and/or sialylated glycoprotein according to claim 19, wherein the glycoprotein is erythropoi- 
etin, preferably human recombinant erythropoietin. 

21. A method of producing highly glycosylated and/or sialylated glycoprotein isoforms in cells, characterized in that, 
the cells comprise a nucleic acid sequence coding for a glycoprotein and are grown at culture conditions with a 
pH between 7.1 and 7.5. 

22. A method according to claim 21 , characterized in that, 

the cells comprise a nucleic acid sequence, preferably an expression vector, coding for human erythropoietin. 

23. A method according to claims 21 or 22, characterized in that, 
the cells are grown at pH 7.2. 

24. A method according to one of claims 21 to 23, characterized in that, 
the cells are CHO cells. 
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25. A method according to one of claims 21 to 24, characterized in that, 
the cells are grown in serum-free medium at pH 7.2 and 37°C. 
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Figure 1 
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Figure 2 
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Figure 3 



IN Capture 1.54 




200 400 600 ml 



23 



EP 1 428 878 A1 



Figure 4 
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Figure 5 
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Figure 6 
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Figure 8 
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Figure 13 
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